Abstract. Association of protein content in peas with climatic factors was studied on data based on official cultivar trials at six locations in southern Finland in 1978southern Finland in -1985. Correlation and step-wise multiple linear regression methods were used to define the main climatic variables affecting protein content.
Introduction
Legumes provide about 10 % of the world's supply of protein (Gridley and Evans 1979, Matthews and Arthur 1985) . Today there is an increasing interest in utilizing legume protein in animal feeding mainly because legumes have the ability to fix nitrogen biologically and simultaneously produce abundant protein. In addition, failures in breeding cereals for better protein crops have focused more attention on grain legumes, which naturally contain high amounts of protein with high biological value in terms of amino acid composition. In the past ten years particular attention has been given on peas as an important future protein crop in Europe because remarkable advances in improving yield stability have been achieved. Breeding success has been based on utilizing mutant genes which affect the development of tendrils, leaflets and stipules (Kujala 1953 , Davies 1977 ) so that breeders have been able 1 1 JOURNAL OFAGRICULTURAL SCIENCE IN FINLAND to produce leafless and semileafless peas. These types of peas have better lodging resistance than conventional peas, which means considerable savings in harvesting costs.
The protein content of peas is a heritable trait (Pesola 1955) as well as its protein quality (Holt and Sosulski 1979) , and they are obvious targets for improvement by breeding. However, available data (Snoad 1980, Matthews and Arthur 1985) suggest that protein breeding in peas is likely to be difficult. This assumption is based on observations (AliKHANand Youngs 1973 , Wolf 1975 ) that protein content is also strongly affected by environmental factors.
The present paper is a continuation of a previous report (Karjalainen and Hovinen 1981) and is based on more extensive data. The main purpose of this study is to explain the variation in protein content of peas on the basis of climatic variables and to discuss problems related to protein improvement by plant breeding under northern growing conditions.
Materials and methods
The present data based on official cultivar trials at the following six locations in 1978 -1985 (Table 2 ).
Regression studies
In order to explain in more detail the climatic effects on protein content, step-wise regression methods with the probability of F = 0.05 were employed. At the first stage, in- (Table 3) show that regression equation (F = 22.36***) including variables July precipitation and June and July mean temperatures accounted for 25.6 % of the total variation in protein content. Precipitation in July alone explained for 10.4 % of the variation.
Data based on single varieties reveal that cultivars Hemmo and Rondo show similar patterns, and July precipitation and temperature accounted for 28.5 % and 27.6 %, respectively, of the total variation in protein The data reported in this study emphasize the important role of weather conditions for protein variation in peas under northern conditions. It was found that July precipitation in particular decreased protein content, while high June temperature increased it. These results are in accordance with a previous study by Karjalainen and Hovinen (1981) , which, however, was made of one cultivar only. It seems apparent that temperatures during and after flowering as well as at the beginning of seed development are crucial for final protein accumulation into the pea seed under Finnish conditions. It is known (review by Briarty 1978) that part of the supply of nitrogen into the developing fruit is dependent on assimilation before flowering, but the majority of the nitrogen supply depends on assimilation after flowering. The positive effect of temperature on protein content was further emphasized when temperature sum was incorporated into the model. For example, in the data where all varieties were included, temperature sum alone explained for 43.3 % of the total variation in protein content. However, this study also clearly indicated that rainfall has negative effect on protein content. It seems evident that precipitation in July is the most limiting factor for protein accumulation in peas under Finnish conditions.
Rainfall is known to influence pea development in many ways (e.g. Multamäki 1961), and excessive rains in July are particularly critical for the vegetative development as humidity prolongs flowering timeand thereby impedes the onset of seed development. Thus it is obvious that rainfall in July is not merely harmful for reliable seed yields but also decreases the protein content in pea seed. The present regression computations over all varieties indicated that climatic factors accounted for 25.6 % in the first model and 62.9 % in the second model of the total variation in protein content. Consequently, these computations clearly show that climatic factors have decisive effects on protein content under northern conditions. These results support other studies (Ali-Khan and Youngs 1973 , Wolf 1975 , Muller and Gottschalk 1978 , Snoad 1980 , Matthews and Arthur 1985 , which also emphasize the role of environmental factors affecting protein content more than heritable factors. However, protein content in peas is affected by many other factors, too. Soil fertility, particularly nitrogen level, microclimatic conditions and latitude (Ali-Khan and Youngs 1973 , Gottschalk 1976 , McLean et al. 1974 , Trevino and Murray 1975 Heritability calculations provide estimates of the proportions of genetic and environmental variation in the total variation. Thus heritability is a predictor of the success a plant breeder can expect to attain from selection (Frey 1977) . Snoad(1980) , for instance, there is little evidence of successful protein improvement compared with that of seed yield. This conclusion is in accordance with our previous study (Karjalainen and Hovinen 1981) as well as with a recent review by Matthews and Arthur (1985) .
Variation in the protein content of peas is wide, from 14 % to 39 % (Blixt 1979) . The heritability values presented in Table 4 show that part of the variation is due to genetic factors, but a large part appears to be due to nongenetic factors. In view of selection efficiency it is important that the protein content of peas can vary widely in pods taken from different parts of the plant (Matthews and Arthur 1985) . Similar findings have been made with beans (Woolfe and Hamblin 1974) . The results imply that the reliable determination of protein content in segregation populations requires a large number of samplings in order to reveal heritable differences between progenies. An even greater part of protein variation caused by non-genetic components appears to be due to various environmental factors. The data reported in this study indicated that even half of the protein variation was accounted for by climatic factors. This result is in accordance with our previous study (Karjalainen and Hovinen 1981) and it clearly indicates that protein levels even in single cultivars vary widely under northern conditions between different regions and years. These results fit well the recent study by Matthews and Arthur (1985) as they have also pointed out that genetic variation in protein content of peas is almost completely swamped by unpredictable environmental variables. Consequently it is apparent that breeding new cultivars for variable northern conditions with high and stable levels of protein is a difficult task. In a previous study Karjalainen and Hovinen (1981) demonstrated that protein yield per hectare was almost totally determined for by variation in seed yield, and according to these lines of evidence they sug- gested that in breeding for better protein productivity it is much more effective to improve seed yield and yield stability than protein content.
Protein improvement by plant breeding has frequently faced difficulties because either protein content or protein quality is negatively associated with agronomic characters (Frey 1977 , Rabson et al. 1978 . Negative associations between protein content and grain yield in peas do not appear to be as tight as in cereals (Evans and Gridley 1979) . However, negative (Jermyn and Slinkard 1977, Binge- by Gottschalk et al. (1975) suggest that seed weight is weakly associated with protein content. In some cases late maturation time appears to be positively associated with protein content as suggested by this study and earlier data (Karjalainen and Hovinen 1981) .
